Abstract To examine the longitudinal changes in overall and individual physical activities of daily living (PADLs) and instrumental activities of daily living (IADLs), at 1, 3, 6, and 12 months after hospital discharge in elderly subjects, 110 hip fractured elders (mean±SD age, 79.4±7.5; 60.9% females) were enrolled in a prospective study. At 12 months following hospital discharge, 56.1% subjects had recovered their overall PADLs, 37.9% had recovered their overall IADLs, and 74.2% could walk independently or with the aide of a cane. When analyzed by generalized estimating equations (GEE), for individual PADL, bathing and climbing stairs had consistently improved at every time point throughout the 1-year follow-up period, while transferring, toileting, and walking ability only improved significantly in the first 3 months after discharge. For individual IADL, the proportion of recovery for mobility appeared to increase significantly during the first 6 months post-discharge, and the remaining IADLs appeared to be stable. These results indicated that the recovery rate is varied for performance of different activities according to the complexity and the involvement of the lower extremities. We also found that less concomitant diseases, and a shorter hospital stay could predict a better recovery trend of overall and of most individual PADLs. These findings may be applicable to other countries with Chinese populations, and could provide a reference for health care providers to develop specific interventions for Chinese hip fractured elders.
Introduction
Because of its association with excess mortality of 5-20%, and morbidity that results in huge economic costs, hip fracture is identified as the most dramatic consequence of osteoporosis in the elderly who are 65 years old or older [1] . Previous studies found not only a sustained decline in physical function early after a hip fracture, but also a steady ''unrecovery'' of a large percentage (26-76%) of elderly persons who survive the first or even the second year following a hip fracture [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . It is estimated that the incidence rate (per 100,000) of hip fractures for the elderly population in Taiwan in 1993 was 211, and that this number is 10 times the incidence rate for the general population [13] . Despite the use of advanced treatment, the mortality rate remains significant, and a majority of the patients will never recover completely in terms of physical activities of daily living (PADLs). In addition, the economic cost of hip fracture in the elderly in Taiwan is huge [13] . As in many other countries in the world, the aging population in Taiwan has increased rapidly, and will continue to grow. The population of Taiwan aged 65 and over is projected to increase from 1.56 million (7.37%) in 1994 to 3.4 million (13.83%) in 2020, and 5.6 million (21.65%) in the year 2036 [14] . As the aging population increases, the problems caused by hip fracture are aggravated, and it has become a major concern for health care providers in Taiwan.
There is extensive literature addressing the consequences of hip fracture in terms of the impact and recovery in physical functioning [2, 4, 6, 8, 10, 11, 15, 16] . However, there are several gaps in the literature. First of all, few previous studies on functional recovery after hip fracture [11, 15, 17, 18] used longitudinal data with more than two time points, and few used methods of longitudinal data analysis to explore the trends and identify risk factors associated with change in functional recovery over time. The trajectory of functional recovery after hip fracture can not only provide information on the consequences of hip fracture at certain points in time, but also on the changes in outcomes from an earlier to a more long-term time period. This information may help health care providers predict the prognosis of the patients more precisely, provide a reference for timing of outcome assessment, and assist them in developing a timely management approach to shape, control or change the course of the functional recovery after hip fracture.
Secondly, prior observations are almost exclusively based on data from Western developed nations, but little is known about the functional recovery of hip fractured elders in Asian countries. It would be critical to evaluate the external validity of these observations with data derived from other societies and cultures. Taiwan differs substantially from the Western countries in health care system, clinical practice, case-mix, culture, and social organization. For example, anthropometrical measurements including body mass index, height, weight, hip axis and femoral neck length are different among different ethnic groups [19, 20, 21, 22] . The housing environment in Taiwan is different from that in Western countries. Moreover, the existence of a national health insurance and the choice for people to visit clinics in a medical center without referrals in Taiwan is different from health care systems in Western countries. These differences might make the functional recovery of elders with hip fracture different from their counter parts in Western countries. Thus, the findings from Western countries need to be validated in Taiwan. The similarities and differences between findings from Taiwan and those from Western countries are useful for further scientific understanding and clinical implementation.
This study has two major objectives: a) to describe the return to previous levels of PADLs and IADLs for hip fractured elders during 1 year following their hospital discharge; and b) to explore the effects of hospital stay, concomitant illness and pre-fracture dependency in PADLs on patterns of recovery for overall and individual PADL/IADL. These variables were selected because they were identified as important clinical predictors for prognosis after hip fracture [11, 15] .
Materials and methods
A prospective, correlational study design was used to explore the functional recovery following the discharge of hip fractured elders. Data were collected from a sample of elderly persons with hip fracture from a medical center before hospital discharge, and then further at 1, 3, 6 and 12 months after hospital discharge via face-toface interviews at clinics, or in a home setting or via telephone interviews. For those elderly persons who did not return to the clinics and refused to receive home visits, telephone interviews were conducted. For elderly persons who were unable to come to the phone or were cognitively impaired, information from proxy respondents was obtained. Proxies are considered reliable sources of information pertaining to facts and observable behaviors, as reported by Maganizer and colleagues [23] .
Study setting and sample
This study was conducted in the trauma wards of a 3800-bed medical center in northern Taiwan and in home settings. The criteria includes was 1) aged 65 years or older; 2) hospitalized due to hip fracture and having received surgery for internal fixation or arthroplasty; and 3) living geographically in northern Taiwan. A total of 110 subjects were enrolled in the study and interviewed before hospital discharge. Eight (7.3%) subjects died within 1 month, 5 (4.5%) between the 1st and 3rd month, 2 (1.8%) between the 3rd and 6th month, and 3 (2.7%) between the 6th and 12th month following discharge. One (0.9%) subject dropped out before the 1st month, 4 (3.6%) between the 1st and 3rd month, 6 (5.5%) between the 3rd and 6th month, and 14 (12.7%) between the 6th and 12th month following discharge due to losing contact caused by changing of address or refusal to participate further.
Procedures
Human subject approval was obtained from the institution before collecting the data. Research assistants identified potential subjects after they received surgery and before they were discharged from the hospital, and invited them to participate in this study. Elderly patients who agreed to participate received face-to-face interviews.
Training programs for interviewers and regular research team meetings were used to monitor the quality of the data obtained. Two registered nurses were hired as interviewers for the study. They attended two training sessions. The first session focused on introduction of the instrument and an interview demonstration. The second training session included an actual interview practice. Problems raised in the data collection were discussed and resolved on a regular basis.
Instruments

Physical functioning
We used the Chinese Barthel Index (CBI) to assess the physical functioning of hip fracture elders, including dependencies in eating, transferring, grooming, toileting, bathing, walking, climbing stairs, dressing, bowel and bladder control. The CBI was translated by Chen et al. [24] and is reported as having established reliability and validity, and as being appropriate for assessing frail elders in Taiwan. The score of the scale ranged from 0 to 100, with 0 representing total dependence and 100 representing total independence. In this study, Cronbach's alpha of the CBI was 0.87. We then recoded the score of each item and the total score of the CBI as 1, if the score recovered to the individual's pre-fracture level, and coded it as 0 if the score did not recover to the pre-fracture level.
Instrumental function
We used the Chinese version of Lawton and Brody's [25] measure for instrumental activities of daily living (IADLs) to assess the instrumental functioning for hip fractures elders, including ability to use the telephone, do shopping, cooking, housekeeping, laundry, transportation, taking medicine and handling money. Lawton and Brody's IADL dependency scale was also translated by Chen and colleagues [24] , and is reported as having established reliability and validity, and as being appropriate for assessing frail elders in Taiwan. In this study, a Cronbach's alpha of 0.88 was found. We also examined whether the instrumental function recovered to the individual's pre-fracture level (1) or not (0) in this report.
Predictors of physical function recovery
Predictors examined in this study included concomitant illness, prefracture walking ability, education (being illiterate or not), whether living with spouse, age, type of surgery, and length of hospital stay. For concomitant illness, the elderly person was considered to have a serious concomitant illness (coded as 1) if any one of the following conditions were noted on their chart: cancer, stroke, heart, renal or liver disease, diabetes mellitus, osteoporosis, or dementia. For pre-fracture walking ability, we used the item for assessing independence in the CBI to assess the pre-fracture walking ability. These variables were included because they were significant in the univariate analysis, and were consistent predictors for functional recovery in many previous studies [11, 15] .
Data analysis
The logistic regression was first used to explore the predictors of recovery at each time point (3rd, 6th and 12th month after hospital discharge). The possibility of recovery was modeled as a function of illiterate, age, hospital stay, concomitant disease, pre-fracture walking ability, living with spouse and type of surgery. The significant predictors were further included in the longitudinal analysis.
The generalized estimating equations (GEE) [26, 27] approach was used to determine the risk factors related to the probabilities of hip fractured elders recovering their living ability baseline (1st month) at different time points (3rd, 6th and 12th month after hospital discharge). The GEE approach is able to account for possible correlations in repeated measures over time and to explore the differences among different time points. In contrast with repeated measures with the ANOVA approach, one advantage of using the GEE model is that partial information can also be utilized. That is to say, for those who drop out during the study period, their information before dropping out has made a contribution to the estimating of the parameters relative to the available data. Therefore, it is especially useful for longitudinal studies where sample attrition is an inevitable issue. Its application in our study was to model dependent dichotomous variables (recovered or not in overall PADLs and individual PADL) as a function of time, hospital stay, whether being illiterate or not, type of surgery and concomitant diseases. These predictors were selected because they were significant for overall PADL in the cross-sectional logistic analysis. Because none of the predictors for the overall IADL was significant in the cross-sectional analysis, we modeled recovery of overall IADL and IADL simply as a function of time in the GEE approach. In our study, the physical functioning at 1 month after hospital discharge was used for comparison instead of the prefracture physical functioning as a baseline, since the pattern of recovery after hip fracture was specifically of interest and data after hip fracture were collected prospectively, whereas pre-fracture functioning was collected retrospectively after hospital admission.
For the elders who died (n=18, 16.4%) or dropped out (n=25, 22.7%) within a year following discharge, the data before death or dropping out was used for the analysis. The largest number of subjects that dropped out occurred during the 6th month to the 12th month after discharge. We found that there is little or no difference between the group that pass away or dropped out during the 6th month to the 12th month and the group that stayed on throughout the full 12 months after discharge. In other words, we modeled the dependent binary variables (recovered or not) as function of ''time'' (baseline, 3rd month, 6th month), ''group'' (pass away or dropped out between 6 and 12 months after followup versus completed in the 12 months of follow-up) and interaction between time and ''group.'' Note that time is treated as a categorical variable-''baseline,'' ''3rd month'' and ''6th month.'' Hence, the interaction between ''time'' and ''group'' includes two terms, that is 3rd month·group and 6th month·group. It was found that (i) the non-significant interactions indicating the trend of recovery over time were similar in two groups (P=0.70, 0.30 for eating; P=0.52, 0.71 for transferring; P=0.67, 0.18 for grooming; P=0.65, 0.58 for toileting; P=0.26, 0.96 for bathing; P=0.55, 0.14 for walking; P=0.91, 0.59 for climbing stairs; P=0.18, 0.45 for dressing; P=0.76, 0.74 for bowel control; P=0.23, 0.18 for bladder control; P=0.73, 0.02 for overall IADL); (ii) after removing interaction, the ''group'' effect was also ignorable except for bladder control (P=0.16 for eating; P=0.76 for transferring; P=0.68 for grooming; P=0.63 for toileting; P=0.45 for bathing; P=0.18 for walking; P=0.94 for climbing stairs; P=0.47 for dressing; P=0.07 for bowel control; P=0.05 for bladder control; P=0.26 for overall IADL). We also carried out a parallel analysis using the GEE approach to explore the trends of recovery in PADLs and IADLs only for subjects who remained in the study throughout the whole 12 months. The trends were very similar to the trends for recovery in PADLs and IADLs for the whole sample. As a result, individuals with incomplete information were included for our analysis.
Results
Proportion of functional independence
In the original sample (n=110), there were 67 (60.9%) females and 43(39.1%) males. The age of the subjects ranged from 65 to 96 with a mean age of 79.4 (SD=7.5) years, among them, 54 (49.1%) aged 80 or over. Thirtyseven (33.6%) of the subjects were married, and 73 (66.4%) were widowed. Seventy-eight (70.9%) had no formal education, 18 (16.4%) completed primary school (1-6 years), 12 (10.9%) completed high school (7-13 years), and 2 (1.8%) had a completed college (>13 years) education. Before the admission, 102 (92.8%) elderly persons lived with their family members, one (0.9%) lived with friends, five (4.5%) lived in an institution and two (1.8%) lived alone. Seventy (63.6%) subjects had received internal fixation and 40 (36.4%) received arthroplasty. Average length of hospital stay was 12.40 (SD=5.43) days; among them, 21 (19.1%) stayed in the hospital for over 2 weeks.
Before their fracture (n=110), 90 (81.8%) of these elderly patients were fully independent in PADLs, 34
following hospital discharge, for the remaining subjects (n=100), only four (4%) were fully independent in PADLs, one (1%) in IADLs and 45 (45%) could walk independently or with the aid of a cane. At the 3rd month following hospital discharge, for the remaining subjects (n=91), 12 (13.2 %) were fully functionally independent in PADLs, three (3.3%) in IADLs and 60 (65.9%) could walk independently with the aid of a cane. At 6 months following hospital discharge, for the remaining subjects (n=83), 21 (25.3%) were fully functionally independent in PADLs, eight (7.3%) in IADLs and 55 (66.3%) could walk independently with the aid of a cane. At 12 months following hospital discharge, for the remaining subjects (n=66), 34 (51.5%) were fully functionally independent in PADLs, two (3.0%) in IADLs and 48 (72.7%) could walk independently or with the aid of a cane.
Recovery proportion of individual PADLs and IADLs
The longitudinal changes in recovery proportion of individual PADL and IADL are presented in Fig. 1 . It appeared that hip fracture had more impact on activities involving the lower extremities, such as climbing stairs, transferring, bathing, walking and toileting. The longitudinal changes in individual PADL were evaluated by a GEE model (Table 1) . Some individual PADLs, including grooming and bowel and bladder control, were quite stable over the 1-year follow-up period. Bathing and climbing stairs consistently improved at every time point throughout the 1-year follow-up period. Several PADLs, including eating, transferring, toileting, and walking ability, only improved significantly in the first 3 months after discharge. Dressing improved significantly from 1 to 6 months, and remained stable from the 6th until the 12th month. The proportion of functional recovery at each time point for each individual PADL is listed in Table 1 . By the end of 12 months, over 75%, in most instances over 80%, of the subjects fully recovered to their pre-fracture functional level in most of the individual PADLs, except for activities involving lower extremities such as toileting, walking and climbing stairs. A little more than 70% of the subjects were able to recover to their pre-fracture ability in performing toileting, and walking. The poorest recovery proportion was found regarding the climbing of stairs. Less than 60% of the subjects fully recovered their ability in climbing stairs.
The longitudinal changes of individual IADL are presented in Fig. 2 . It appeared that hip fracture had more impact on activities involving the lower extremities, such as shopping and mobility. The recovery proportion of mobility appeared to increase significantly during the first 6 months post-discharge. The ability to use a telephone, take medication, or manage money was less impacted by hip fracture. However, the ability to manage money appeared to decline at the 12th month post-discharge, and the ability to take medication seemed to decline at the 6th month post-discharge. The proportion of functional recovery at each time point for each individual IADL is listed in Table 2 . By the end of 12 months, over 70% of the subjects were able to fully regain their pre-fracture functional level in activities that did not involve the lower extremities. For activities involving the lower extremities, including shopping and mobility, around 50-60% of the subjects fully recovered.
Recovery proportion of overall PADLs and IADLs
Longitudinal changes of proportion of elders returning to their pre-fracture levels of overall PADLs, and IADLs are shown in Fig. 3 . Only four (4.0 %) patients had regained their pre-fracture overall PADLs, and 31 (39%) had recovered their overall IADL performance level, at one month after discharge. At 3 months following hospital discharge, 14 (13.2%) patients had recovered their overall PADLs, and 36 (39.6%) had recovered their overall IADLs performance level, among the remaining subjects (n=91). At 6 months following hospital discharge, 24 (28.9%) patients had recovered their PADLs and 35 (42.2%) had recovered their overall IADLs performance level among the remaining subjects (n=83). At twelve months following hospital discharge, 37 (56.1%) patients had recovered their overall PADLs and 25 (37.9%) had recovered their overall IADLs performance level, among the remaining subjects (n=66).
The significance of the differences between the trends of recovery proportion of overall IADLs and PADLs was examined using the GEE separately. The recovery proportion of overall PADL among these elders consistently improved throughout the follow-up period from the 1st month to the 1st year following hospital discharge. Among 56% of the elders who recovered to their previous level of PADL performance, almost half of them recovered between the 6th and 12th month following hospital discharge. The recovery proportion of overall IADLs did not change significantly throughout the follow-up period.
Predictors for functional recovery
The cross-sectional logistic regressions modeled the PADL at each time point. For the overall PADL, the predictors for recovery at the 1st month after discharge could not be calculated because too few subjects (n=4) had recovered to their pre-fracture level of PADL. Whether living with a spouse, with at least a concomitant disease, with independent pre-fracture walking ability, being illiterate, with hospital stay longer than 14 Table 1 The number of functional recovery and the total number of observed subjects at each time point for each PADL subscale. The significance in ''Time'' denotes the difference between the 1st month (baseline) and the 3rd and 6th months and 1 year, respectively. Co-variates entered included hospital stay, whether being illiterate, type of surgery and concomitant disease days, receiving internal fixation versus arthroplasty and age were entered as predictors for recovery of overall PADL (Table 3) . At 3 months following discharge, when controlling for other variables, the odds of recovering to pre-fracture level in overall PADLs for subjects who received internal fixation was 11.20 times of that for those who received arthroplasty, and for subjects who were illiterate it was 14.63 times that compared to those who were literate. At 6 months following discharge, the odds of recovery for those who had no concomitant disease was 3.79 times that of those who had at least one concomitant disease. At one year following discharge, the odds of recovery for those who had a hospital stay of less than or equal to 14 days were 5.80 times that of those who had a hospital stay longer than 14 days. In summary, the possibility of recovery is higher for those who are illiterate and received surgery for internal fixation, have no concomitant disease, and have shorter hospital stays at the 3rd, 6th and 12th months after discharge, respectively. In addition, we used the GEE approach to examine the predictors of recovery trends in overall and individual PADL across different time points. We did not use the GEE approach to examine the predictors of recovery trends in IADLs, because these predictors were not significant in the cross-sectional analysis. In this longitudinal data analysis for recovery trends of overall PADLs and individual PADLs, we entered variables that were significant in the cross-sectional data analysis as predictors including length of hospital stay, concomitant diseases, whether being illiterate or not, and type of surgery. We found that after controlling for other variables, elderly persons who had no serious concomitant diseases appeared to have a better recovery trend of overall PADLs, eating, transferring, grooming, toileting, climbing stairs, and bowel and bladder control than those who had at least one serious concomitant disease. For hospital stay, subjects who had more than 14 days of hospitalization appeared to have a poorer recovery trend of transferring, grooming, toileting, bathing, climbing stairs, dressing, bowel and bladder control, and overall PADLs. In terms of the type of surgery, subjects who received arthroplasty appeared only to have a poor recovery trend in climbing stairs. Type of surgery could not predict the trend of recovery for overall PADLs and other individual PADLs. Subjects who were illiterate did not differ significantly in terms of trends of recovery in individual and overall PADLs.
Discussion
As one of the most severe consequences of osteoporosis, a large percent (26-76%) of elderly persons who survive the first or even the second year following hip fracture Table 2 The number of functional recovery and total observed subjects at each time point for each IADL subscale. The significance in ''Time'' denotes the difference between the 1st month (baseline) and 3rd, 6th months and 1 year, respectively not being able to fully recover to their previous functional level has been reported in Western countries [2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12] . Similarly, in this study with a sample from Taiwan, we found that by the end of the first year, 56.1% of hip fractured elders fully recovered their pre-fracture level of PADL, 37.9% had recovered their overall IADLs, and 74.2% of these elders fully recovered their pre-fracture walking ability. Some studies in Western countries reported the changes over time for the functional recovery after hip fracture [11, 15, 18] , but no such reports have been made yet for Chinese elders with hip fracture. The patterns of longitudinal changes in recovery of overall and individual PADLs and IADLs in a sample from Taiwan were identified in this study. Several findings of this study were similar as in previous studies. The recovery rate in physical functioning is not constant over time, and the impact and recovery for overall PADLs and IADLs, and individual PADLs were varied [11, 15] . Higher proportions of patients regained their ability to perform physical than instrumental tasks at 1 year post-discharge [3, 11, 28] . This might be due to the fact that instrumental activities are more complex and require not only basic body function, but also overall physical fitness and are influenced by mental/emotional conditions, and thus are more difficult than PADLs to attain pre-fracture level [29] . It might also be due to the fact that routine care for post-surgery hip fractured patients in Taiwan provides only in-hospital physical rehabilitation for recovery of PADLs, but not for IADLs, but not IADLs. This study also found that a higher impact on hip fracture and a more dramatic increase in the proportion of recovery occurred to activities. That is more complex and dependent on leg and hip strength such as walking, climbing stairs, bathing, toileting, shopping and mobility [11] .
In terms of changes over time, we found that, similar with previous studies [4, 10, 11] , the recovery of most of the individual PADLs and IADLs that did recover, except bathing and climbing stairs, occurred within 6 months after hospital discharge with eating, transferring, toileting, and walking ability improving significantly in the first 3 months after discharge, and dressing and mobility improving significantly during the first 6 months. The improvement in bathing, climbing and overall PADLs continued significantly throughout the follow-up 1-year period. It seemed that the more difficult and complex the individual activity that could improve over time, the more time it took to recover to pre-fracture level. For example, in a population-based study, the prevalence of elderly persons with impairment in bathing appeared to be higher than dressing, toileting, transferring and eating [30] . It seems that the first 6 months, especially the first 3 months following discharge is the time period that many activities involving the lower extremities had the most improvement. On the other hand, most of the tasks that only improved during the first 3 months had achieved close to 70% recovery of the pre-fracture level at the 3rd month after discharge, apparently reaching a ceiling that left little room for further improvement. Simply measuring the return to pre-fracture level for functional improvement may hinder the detection of further functional improvement.
We also observed the decline of the ability to manage money and to take medication between the 6th and 12th months post-discharge. This might be due to the fact that managing money and taking medicine had a recovery of over 80% at the 1st month after discharge that had little room for improvement. This might also because helpers take over with instrumental activities following the return home, and provide assistance beyond the point of actual need, which may create dependencies and cause functional declines between the 6th and 12th months post-discharge [11, 28] .
In terms of predictors for functional recovery, both in cross-sectional analysis and longitudinal analysis, less concomitant diseases, and a shorter hospital stay were found to be important in predicting the overall and most of the individual PADL recovery, and this was also supported by the literature [4, 6, 8, 10, 11, 15, 18, 31] . Through the cross-sectional analysis, we found that earlier physical function recovery might be influenced by the concomitant disease, and more long-term physical function recovery might be influenced by the length of the hospital stay.
The results indicated that for hip fractured elders in Taiwan, the recovery of physical function involving lower extremities took place in the first 6 months and could last till 1 year after discharge for some complex activities. Based on these findings, several suggestions can be made for clinical practice in taking care of Chinese hip fractured elders. First of all, the recovery rate varies when it comes to the performance of different activities when the complexity and the involvement of lower extremities are taken into consideration. Health care professionals need to pay attention to the variation of the recovery pace for different activities. Secondly, it can be very beneficial to provide rehabilitation programs targeting activities involving lower extremities for up to 6 months, and rehabilitation targeting more complex activities up to 12 months after hospital discharge. Thirdly, more attention and intervention may need to be paid to the high-risk groups for non-recovery, including patients who have concomitant diseases and those who had a longer hospital stay.
In summary, the longitudinal changes of recovery in PADL and IADL of hip fractured elders were explored for a Taiwanese sample. The use of a convenience sample and a certain percentage of subject loss were the only limitations of this study. Several issues raised by the study results can be further explored. For example, does the specific living environment impede the recovery of more complex activities such as bathing and climbing stairs for hip fractured elders in Taiwan? The decline of certain functions after 1 year will need to be further verified. Not only measuring the return to the pre-fracture level, but also more sensitive measures for functional improvement may need to be implemented longitudinally in future studies to obtain more detailed information on the trends of functional recovery. Interventional studies based on the findings of this study could also be conducted afterwards. As the population component of elderly Asians is increasing rapidly in many Western countries [32] , the results of this study may be applicable to other countries with Chinese populations, and can provide a reference for health care providers in these countries who have to deal with Chinese/Taiwanese immigrants.
